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Objective of Characterization Study
The task was performed in order to characterize and document the chemical and physical properties of Type II portland cement, Class F fly ash and ground granulated blast furnace slag obtained in 2005 from the approved suppliers of these premix materials for the Saltstone Processing Facility (SPF). The objective was to provide a documented set of chemical and physical properties for each of the premix materials that can be used as the baseline properties to which all new batches of these materials can be compared.
This process provides the baseline data to (1) assess the typical batch-to-batch variability of these materials as new batches are received and (2) facilitate problem solving in the event of unexpected or undesirable processing results or conditions at Saltstone Processing Facility.
This work is part of a Technical Task Request (TTR) entitled "Scoping Studies for Development of Saltstone Variability Study" [1] . The initial report from this TTR has been issued [2] .
Background
Specifications for fly ash, slag and portland cement (currently in revision) for use at the SPF provide a significant latitude in the acceptable range of both chemical and physical properties of these premix materials. The specifications are based mainly on ASTM Standards for blast furnace slag (ASTM C 989), class F fly ash (ASTM C 18) and portland cement (ASTM C 150).
The properties of the fly ash, slag and portland cement impact the processing and performance properties of Saltstone. From a processing perspective, the properties that are affected by the nature of the premix materials include the following:
• Flowability in the silos Particle Size Distribution -Laser Light Scattering. These data were obtained by the Analytical Section of Savannah River National Laboratory (SRNL) using a Microtrac S3000 particle size analyzer. In all cases, the materials were dispersed in deionized water for measurements. The reported data is an average of three separate runs.
In this type of measurement, the amount of solids in the carrier fluid is less than 0.5 weight percent to achieve sensitivity and avoidance of multiple light scattering effects. The analysis of the measured data assumes that the particles are spherical and stored in volume bins (based on micron size). The S3000 has a measuring range of 0.02 to 1408 microns. The number distribution is calculated from the volumetric distribution. This data can be presented in both volume and number distributions. The number distribution, mean volume, mean surface area and mean number are calculated from the volumetric data. The equations used to determine these values are shown in equations (2.1) and (2.2) . If the densities of the solids are the same for all particle sizes, then the volume distribution can be treated as a mass distribution.
where: V i = volume % in the i th bin d i = average bin diameter n i = number of particles in the i th bin, given volume % N i = number % in the i th bin (data normalized)
Particle Size Distribution -Dry Sieving. These measurements were performed using an ATM Sonic Sifter which utilizes sieves that comply with ASTM standards. Approximately two grams of material were placed on the top of the largest sized sieve and the instrument operated for five minutes. In all cases the instrument was run in the sift/pulse mode with a pulse amplitude setting of seven. The Sonic Sifter and the associated sequence of sieves, spacers and collectors used are shown in Figure 2- 
Rheology.
A Haake RS600 or RS150 rheometer was used to obtain the flow curve for each of the slurries. After mixing was complete, a sample was poured directly from the mix vessel into the rheology cup and sent for rheology. The flow curve covered the shear rate range from 0 to 300 sec -1 at a measurement temperature of 25°C.
The details of the rheological measurements are provided in a report by Hansen and Langton [3] .
Chemical Composition. These measurements were made at the Process Science Analytical Laboratory and involved dissolution of the powders and subsequent analysis by Ion Chromatography (IC) and Inductively Coupled Plasma Emission Spectroscopy (ICPES).
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RESULTS OF THE CHARACTERIZATION STUDY
This section presents the results of the physical and chemical characterization and analyses of fly ash, portland cement and blast furnace slag.
Physical Appearance
The physical appearance of each of the materials provides a visual baseline to which future batches may be compared. 
Electron Microscopy
The SEM micrographs for the binder materials are presented in 
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Particle Size Distribution -Laser Light Scattering
The particle size distributions (PSDs) of the premix powders in deionized water were obtained by laser light scattering. Due to the hydraulic nature of portland cement, these materials were placed into the deionized water, dispersed and then immediately measured. Organic solvent carrier fluids have been used by others (outside SRNL) to disperse the portland cement. However, the resulting PSDs obtained using deionized water as the carrier fluid are typical of literature values. The mean diameter volume, medium diameter volume and mean diameter number are summarized in Table 3 -1. The particle size distributions (PSD) on both a volume and number basis are presented in Figures 3-5 through 3-10 for fly ash, slag and portland cement.
These results indicate that many fine particles (< 1 micron) are present in all three powders. However, these smaller particles contribute little to the overall mass and volume of the powders. This results in a significant difference between the volume distribution and the number distribution consistent with equations (2.1) and (2.2). The fly ash has the highest percentage of large particles whereas the slag has the lowest percentage of large particles. 
Particle Size Distribution -Dry Sieving
The results from dry sieving of the premix materials are provided in Table 3 -2. These results reflect a problem with dry sieving that is well-known. That is, the particles of some of the materials were either pre-agglomerated or became agglomerated during the sieving process and consequently do not pass through the sieves. Therefore, there were significant differences in the amount of material retained by the 250 micron sieve for the two batches of slag and Ordinary Portland Cement (OPC). This was not observed for fly ash.
Additional samples of slag and cement from both batches were obtained from different bottles and characterized using the ATM sonic sifter (the original raw materials were subdivided when received by placing them in 2-liter bottles that were then sealed). The results reconfirmed that Batch 1 of the slag and Batch 2 of the OPC have a much higher quantity of particles in the 250 micron sieve than Batch 2 of the slag and Batch 1 of the OPC (there is, however, some scatter in the results). The general reproducibility of this measurement demonstrates that there are differences in the two batches that affect their tendency to agglomerate. The agglomerates present on top of the 250 micron sieve were readily dispersed into smaller particles using a spatula. Agglomerates were also evident on the 45 micron sieve.
This method provides a visualization of the different fractions of the particle size for the premix materials which in turn can lead to the detection of extraneous or unexpected materials. For example, the Batch 2 fly ash had black particles present in both the 250 and the 45 micron 15 screens. Placing a magnet close to the top surface of the sieves resulted in a transfer of the magnetic particles to the pole of the magnet and the formation of magnetic alignment of these particles on the pole surface. Placement of the magnet on the underside of the sieves allowed the magnetic particles to be moved about on the top surface of the sieves. Batch 1 fly ash had significantly less magnetic material as compared to Batch 2 fly ash. In both cases there were some black particles that were not attracted to the magnet.
With the portland cement, one of the fractions had a different color than the other three fractions. The fractions captured on the 250 and 45 micron sieves were light gray in color whereas the particles on the 20 micron sieve were darker in appearance. The fines, which had passed through the 20 micron sieve, were again light gray (see Figure 3-11) . The chemical compositions of the light gray fines and the darker 20 to 45 micron fraction were measured and are presented in Table 3 .3. The changes are relatively minor with the largest mass changes occurring with calcium oxide and sulfate. 
Densities
Densities of the binder materials provide another means of characterization of the slag, cement and fly ash. In this case the densities were determined for the dry particles. Although particle (true) densities for the binder materials were not measured, typical values were obtained from the literature and included in Table 3 -4.
The aerated and tapped densities were measured for slag, cement and fly ash. Tapping deaerates the powder, allowing the particles to compact within the graduated cylinder to produce a greater density than that measured for the aerated materials. The ratio of the two densities (tapped/aerated) is the Hausner Ratio, which provides an indication of the degree of compaction that a dry powder can undergo in handling and storage. The fly ash batches are significantly different. The fly ash tapped density of Batch 2 is much larger than that of Batch 1. The tapped densities of the slag and cement are more consistent for Batch 1 and Batch 2. The aerated densities have more variability, because the preparation of the materials may not aerate the materials consistently. 
Chemical Compositions
The chemical compositions of the fly ash, cement and slag for both batches are presented in Table 3 -5. These data, obtained from both ICPES and IC can be used as the basis for comparison with future batches of these materials. Carbon is an important volatile from fly ash and therefore, a volatiles contribution from carbon was added to the overall sum of oxides for fly ash (See Section 3.7). 
Thermal Evaluation
Thermogravimetric analysis detects not only the change in mass of a material as a function of temperature but also identifies the temperature ranges over which significant mass changes occur. This information can be useful as a fingerprint for the identification of each of the premix materials. The outputs can therefore be used to compare batch-to-batch variation in the slag, cement and fly ash. The ASTM Standards for premix materials also have limits on volatility of these materials. In particular, water content and carbon, both of which can affect the properties of Saltstone, are limited by the ASTM Standards.
The portland cement displayed a series of mass losses as shown in Figure 3 .12. There were differences in the magnitude of these changes between Batch 1 and 2 but the overall profiles were equivalent. Mass loss for Batch 1 portland cement was ~1 wt% while Batch 2 had a mass loss of ~ 1.5 wt%. The ground granulated blast furnace slag exhibited a weight loss up to 700 o C and then went through a weight gain that peaked at 1100 o C. Over the next 100 degree increase to 1200 o C the slag underwent another mass loss. (Figure 3-13) . The overall mass loss was ~ 2.1 wt%.
WSRC-TR-2006-00067
Revision 0
19
Figure 3-13 The TGA curve for Batch 2 ground granulated blast furnace slag.
Fly ash is of particular interest from a mass loss perspective due to the fact that carbon is composited with the fly ash during its formation in the coal burning power plants. Class F fly ash has a limit of 3 wt% moisture content and a maximum 6 wt% loss on ignition (LOI). This latter requirement encompasses the amount of carbon that is allowed with Class F flay ash. The TGA spectrum for Batch 1 was run twice and was quite reproducible. Overall the loss was ~ 3.0% with a contribution associated with carbon between 400 to 800 o C of ~ 2.5 %. In contrast, the loss associated with carbon from Batch 2 was ~ 1.4 %.
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Figure 3-14 The TGA curve for Batch 2 fly ash.
Slurry Rheology of Individual Premix Materials
Slurry flowability is an important property of fresh Saltstone mixes. This flowability, as reflected in rheological parameters, depends on each of the binder (premix) materials added to the waste stream. For example, the yield stress and plastic viscosity of the slurry (at a fixed temperature) produced by adding blast furnace slag to the salt waste stream are dependent on the amount of slag added and on the slag's physical and chemical properties.
An approach was taken to characterize the slag, cement and fly ash by measuring the rheological properties (yield stress and plastic viscosity) of each binder material separately after its introduction into a well-defined salt simulant. This approach provides unique information for each binder and a method to track changes in the batches of binder materials as new batches are received at Saltstone.
For this characterization method, the modular caustic side solvent extraction unit (MCU) simulant [4] was chosen as the simulated salt waste stream. Each of the binders was tested separately with water to binder ratio of 0.60 for slag and cement and 0.50 for fly ash. The results are provided in Table 3 .6. The major change in rheological behavior between Batch 1 and 2 materials (excluding fly ash for which only a very limited amount of Batch 1 material remains) was observed for the portland cement. Batch 2 portland cement slurry shows a significantly lower yield stress and plastic viscosity than the Batch 1 portland cement slurry. This is consistent with batches made during the scoping study for the Saltstone variability study using all three premix materials (45%/45%/10%) which showed a decrease in yield stress and plastic viscosity for Batch 2 based mixes versus Batch 1 based mixes with all other parameters equal (Table 3-7) . Another interesting result in Table 3 -6 is the fly ash, which has essentially no yield stress and can be considered a Newtonian fluid. 
